Phosphorylation, acetylation and ubiquitination: the molecular basis of RUNX regulation.
The RUNX family members play pivotal roles in normal development and neoplasia. RUNX1 and RUNX2 are essential for hematopoiesis and osteogenesis, respectively, while RUNX3 is involved in neurogenesis, thymopoiesis and functions as a tumor suppressor. Inappropriate levels of RUNX activity are associated with leukemia, autoimmune disease, cleidocranial dysplasia, craniosynostosis and various solid tumors. Therefore, RUNX activity must be tightly regulated to prevent tumorigenesis and maintain normal cell differentiation. Recent work indicates that RUNX activity is controlled by various extracellular signaling pathways, and that phosphorylation, acetylation and ubiquitination are important post-translational modifications of RUNX that affect its stability and activity. Defining the precise roles, these modifications that play in the regulation of RUNX function may reveal not only how the RUNX proteins are regulated but also how they are assembled into other regulatory machineries.